Purpose: Many studies have revealed that diabetes mellitus (DM) increases a person's lifetime risk of colorectal cancer and that DM is associated with a worse outcome of colon cancer, but this association is controversial. In this study, we intended to examine the relationship between DM and the long-term outcomes of colorectal cancer. Methods: A retrospective analysis was conducted on 657 patients who underwent surgery due to colorectal cancer between 1997 and 2004 at Korea Cancer Center Hospital. The operations were done by a single surgeon. With a median follow-up of 4.7 years, we analyzed differences in recurrence-free survival (RFS) and overall survival (OS) between patients with DM and those without DM. Results: Of the 657 patients, 374 (57%) were males and 67 (10%) had DM. There was no difference in age at diagnosis, sex and pathologic stage of colorectal cancer according to the presence of DM. There were no difference in the RFS and the OS of colon cancer between the patients with DM and those without DM. At 5 years, the RFS was 71.3% in diabetic patients vs. 70.4% in non-diabetic patients (P = 0.480), and the OS was 68.8% in diabetic patients vs. 75.0% in non-diabetic patients (P = 0.498). There was no difference in the median survival between the groups (9.6 years in the diabetic group vs. 10.6 years in the non-diabetic group; P = 0.495). Conclusion: In this study, we did not find any relation between the presence of DM and either the recurrence or the survival in cases of colorectal cancer. More studies to elucidate whether the influence of DM is directly related to a higher rate of cancer recurrence or survival are needed.
INTRODUCTION
The prevalence of diabetes mellitus (DM) is rapidly increasing worldwide. During the last 30 years in Korea, the prevalence of DM has become 5-6 times higher increasing from 1.5% to approximately 10% [1] [2] [3] .This increase is much higher than that of other developed countries such as the US. cancer was reduced in DM patients.
As the prevalence of DM increases, the prevalence of colorectal cancer with DM will increase. If DM were to be found to affect the prognosis for colorectal cancer, it would be a serious health issue. To determine the effect of DM on the outcomes for colorectal cancer, we conducted a retrospective analysis of colorectal cancer patients who underwent surgery.
METHODS
This study analyzed retrospectively the data on 657 colorectal cancer patients who underwent surgery by a single surgeon at Korea Cancer Center Hospital from 1997 to 2004. All patients had a histologically confirmed adenocarcinoma, and the mean follow-up duration was 4.7 years. Based on the medical records, the existence of DM, age at diagnosis of colorectal cancer, gender, stage at diagnosis, histological differentiation, recurrence, and survival were examined. Patients that either had a history of DM or were taking medications for DM were classified as DM patients.
The survival rate and the recurrence rate were analyzed according to the existence of DM. Overall survival (OS) was defined as the time from study entry to death from any cause.
Recurrence-free survival (RFS) was defined as the time from study entry to tumor recurrence or occurrence of a new primary colon cancer. For RFS, patients who died without known recurrence were selected at their final documented evaluation.
Statistical analysis was conducted with SPSS ver.12.0 (SPSS Inc., Chicago, IL, USA), and a P-value of less than 0.05 was considered to be statistically significant. The distribution of baseline characteristics between DM and non-DM patients was evaluated using either Fisher's exact or χ 2 tests in the case of categorical variables or student's t-test in the case of continuous variables. The OS and the RFS were examined using the Kaplan-Meier method and a Cox proportional hazards regression analysis.
RESULTS
Of the 657 patients included in our analysis, 67 (10%) had DM. The clinical characteristics of the subjects according to DM are presented in Table 1 . The mean age of the DM group was higher than that of non-DM group (61.2 ± 11.2 years and 57.6 ± 10.3 years, respectively). Among the subjects, 374 (57%) were male, and 283 were female (43%), and there was no significant difference in gender according to DM. The body mass index (BMI) was significantly higher in the DM group than in the non-DM group (24.9 ± 3.7 kg/m 2 and 23.2 ± 3.1 kg/m 2 , respectively). In addition, for the patients with a BMI of over 25 kg/m 2 , the prevalence of DM was 16.9%, which was significantly higher than the 7.1% for those with a BMI of less than 25 kg/m 2 (P < 0.001). The stage at diagnosis of colorectal cancer and the histological differentiation of colorectal cancer were not different between the DM and the non-DM groups.
The survival rate and the recurrence rate were analyzed according to presence or absence of DM. Kaplan-Meier curves presenting the OS and the RFS are shown in Figs. 1, 2, respec- tively. The five-year survival rate in the DM group was 68.0% and that in the non-DM group was 75%, the difference not being statistically significant (P = 0.498). The five-year RFS rate in the DM group was 64.0% and that in the non-DM group was 69.0%, the difference not being statistically significant (P = 0.954). In the Cox proportional hazard regression analysis, we examined the influence of DM after adjustment for age and BMI. In the non-DM group, in comparison to the DM group, the risk of recurrence was lower by 6.2%, and death was lower by 25%, but the difference was not significant (Table 2) . Moreover, when we compared the mean survival of the DM and the non-DM groups, they were not significantly different (9.6 years and 10.6 years, respectively, P = 0.495).
DISCUSSION
This study showed that the recurrence rate and the survival rate for colorectal cancer after surgery were not significantly different according to the presence or absence of DM. In addition, we could not find any significant correlation between DM and the occurrence of colorectal cancer when we consider that the prevalence of DM among the colorectal cancer patients in this study was almost the same prevalence as in the general Korean population during the same period [1] [2] [3] . Many studies reported an increased risk of DM patients developing colorectal cancer. The suggested mechanisms were hyperinsulinemia caused by insulin resistance, increase of insulin-like growth factor (IGF), changes of adipocytokines, chronic inflammation and increased oxidative stress in DM patients.
IGF-1 is an important hormone for growth and development, and leads to cell division and cell transformation. IGF binding protein (IGFBP) inhibits its roles by binding with IGF. In hyperinsulinemia, insulin is known to bind directly to the IGF-1 receptor or to work in competition with IGFBP to increase the free IGF-1 level in the blood and eventually to be able to induce cancer by inhibiting apoptosis and promoting cell proliferation [15, 16] . In addition, slower bowel transit time and elevated fecal bile acid concentrations frequently observed in DM allow more exposure to toxic materials, thus p provoke colorectal cancer [17] . Moreover, when the blood sugar level is not well-controlled, oxidative stress is increased, and this leads to a pro-inflammatory condition. Reactive oxygen species (ROS) are known to damage cellular DNA and to promote cancer in various steps by reacting with proteins or lipids in cells [18] .
There are several reports that the prognosis for colorectal cancer is poor in DM patients. In a study conducted with 3,759 surgically treated colorectal cancer patients, the five-year disease-free survival and OS rates were significantly decreased, even after adjustments for age, gender, race, and stage, location and histological differentiation of tumors [14] . Meta analyses on the mortality rate, recurrence rate and treatment-related complications of colorectal cancer [19] revealed that peri-operative short-term mortality rates were higher among DM patients; the long-term mortality rate was also increased by 32% in DM patients. Limited use of anticancer drugs because of complications of DM, such as cardiovascular disease and renal and nervous disease, and higher risk of infection after anti-cancer therapy could explain the high mortality rate in DM patients. However, when we consider Meyerhardt et al. [14] report that the recurrence rate of cancer was also higher in DM patients, we should also consider that the increased recurrence caused by DM may have led to the increased mortality.
However, other studies did not find any correlation between DM and the incidence of or the prognosis for colorectal cancer. An epidemiological study of Kune et al. [20] reported that the prevalence of DM in colorectal cancer patients was the same as that of the control group. Another epidemiological study by Will et al. [21] , which included 1 million persons, reported that the risk of colorectal cancer was higher in DM patients, but there was no difference in mortality rate according to DM. In addition, a study by Shonka et al. [22] did not show any significant correlation between DM and the prognosis for colorectal cancer. Also, our study did not observe any correlation between colorectal cancer and DM. One reason that the correlation between DM and colorectal cancer is different may be various DM-related factors, such as obesity, therapeutic agents and blood sugar control, not having been controlled properly. Second reason may be due to the different criteria used in each study to define the existence of DM. As most studies defined the existence of DM according to reports of patients instead of applying glucose tolerance test, there could be DM patients who were not classified as DM patients. Another reason may be hyperinsulinemia due to insulin resistance being maintained only in the early stage of DM. With the progress of DM, hypoinsulinaemia is observed because of islet-cell dysfunction. The negative effect of hyperinsulinemia on the prognosis for colorectal cancer could diminish. As limitations of this study, the number of subjects is relatively small, and the analysis was retrospective. Moreover, because we defined the existence of DM only as a medical history DM or a history of medications for DM in the medical record, some actual DM patients might not have been included in the DM group. However, this study has a strong point in that the subjects underwent surgery by a single surgeon at a single center so that the difference in complications and prognosis caused by the difference in surgical techniques could be excluded.
Considering that the prevalence of DM has increased greatly, many DM patients are not diagnosed, and the risk of cancer increases due to longer life expectancy, the increase in the occurrence of and the mortality from colorectal cancer in DM patients is expected to become a very important issue of public health. More large-scaled prospective studies are necessary in the future, and more efforts to use exact diagnostic criteria of DM in a study are needed. In addition, investigating the prognosis of colorectal cancer according to blood sugar control is thought to be clinically important, and measuring the blood insulin levels of the subjects may be helpful in elucidating the mechanism of colorectal cancer development in DM patients.
This study to investigate the effect of DM on the prognosis for colorectal cancer did not show any differences in the stage at diagnosis, the survival rate and the recurrence rate of colorectal cancer according to the existence or the absence of DM. More large-scaled studies are necessary in the future.
